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ABSTRACT 


fluorine  containing  oierms  and  c_o-_er j 
syntheses  of  derivatives  of  porfluoro- 


Further  work  on  the  syntheses  of 
is  resorted.  Studies  directed  toward 

bicy ciobutyl and  perfluorobicyclobutcnyl  have  beer,  initiated,  ur 
interest  is  the  preparation  of  2 ,2'-diiodo-pcr-fluorobicyclobutenyl  by  photo 
of  i , 2-diiodotetraf luorocyclobutene . 


r- 


fir 


A 


r-I 


Starting  fros  I ,2-dichiorohexaf iuorocyclcpontcno ,  other  dihalo-  and  r.i::; 
dihalohoxafiuorocyciopentenes  have  been  prepared,  and  from  th.—c  have  boor, 
prepared  the  nonoethoxy  derivatives,  such  as  i-iodc-2-ethcxyhexofiuorocyc:op< 


INTRODUCTION 


I . 


The  purpose  ol  this  project  is  to  carry  out  a  basic  chemistry 
research  program  lor  the  purpose  oi  synthesizing  new  potentially 
useful  monomers  containing  fluorine.  Monomers  synthesized  will 
consist  of  compounds  both  partially  and  completely  iluorinatcd. 

In  addition  these  fluorine  containing  monomers  will  have  active 
sites  ol'  suitable  activity  lor  participation  in  homo-,co-,  and 
ter polymer iza lions . 

Olefinic  and  acetylenic  fluorine  compounds  containing  both 
conjugated  or  unconjugated  unsaturation  will  be  considered.  In 
addition  or  as  alternative  sites  ol  potential  activity  other  or¬ 
ganic  functional  groups  may  be  substituted,  as  lor  example,  car¬ 
bonyl,  nitroso,  carboxylic  01  sullone. 

Methods  ol  preparation  of  desired  monomers  may  vary  depending 
on  the  compound  in  question.  Typical  methods  will  include  for 
example,  dehydrohalogenations ,  dehalogenations ,  pyrolysis,  decar¬ 
boxylations,  disproportionations  and  dimerizations. 

This  research  is  authorized  under  U.  S.  Army  Contract  DA-1'J- 
12‘J~AMC-8<»‘J  (N)  and  is  the  second  semi-annual  report  for  the  period 
June  I,  to  December  l,  l!JG<»  under  this  project  with  Dr.  Malcolm 

Henry  as  project  officer.  Previously,  similar  researches  authorized 
under  Contract  No.  DA-1 2!>-l‘J2<;  (ill  6U28-G2)  under  Dr.  Malcolm  Henry 
as  project  officer  were  summarized  in  three  semi-annual  reports  and 
a  final  report  and  covered  the  period  October  1  ,  I'JG.'i  to  October  l  , 
i  . 

These  reports  should  be  used  in  conjunction  with  the  present 
series  to  bring  the  historical  portion  up  to  date. 


II.  SUMMARY  OF  CURRENT  PROGRESS 


Intermediate  lor  Polymer  Studies 


The  synthesis  of  a  scries  of  new  olel ins  and  diolefins  are 
still  in  progress.  These  are  possible  candidates  for  polymer 
evaluation  as  well  as  basic:  intermediates  for  the  synthesis  of 
other  monomers  containing  a  hctcro-alom  or  atoms.  Some  of  the 
above  types  of  compounds  will  be  used  to  prepare  highly  stericaJly 
hindered  nitroso  monomers  for  evaluation  as  a  possible  candidate 
for  polymerization. 


The  synthesis  ol  1 , 2-diiodo-h ,•*,  -I,  l-ielral luorocyclobulene 
has  been  developed  and  improved.  Along  similar  lines,  1,2-diiodo- 
pei f luoroeyelopentene  has  also  been  prepared.  These  two  compounds 
will  serve  as  valuable  intermediates  in  the  syntheses  of  dibasic 
acids,  nitroso  acids,  dinilroso  derivatives  and  possibly  as  sources 
lor  fluorinated  keto-aeids. 


The  following  compounds  have  been  synthesized  and  their  pro¬ 
perties  obtained: 


The  following  samples  were  prepared  and  sent  to  Dr.  Douglas 
Relyea: 
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TITLE:  Invest!  Kill  ions  on  llu*  Synthesis  and  Hem-lions  ol  l*er- 

halobicyc lobiUeney l  compounds. 

Part  A:  Synthesis  Pathways 

OBJECT:  To  develop  a  useful  synthetic  pathway  to  perhalobicyc lo- 

buteneyl  compounds  which  should  b<*  important  in  termed  in  los 
in  the  syntheses  ol  dike  tod  icarboxy  1  ic  acids. 

HISTORICAL:  There  are  relatively  lew  syntheses  of  bieye lobu ty 1  or 
bicyeiolm teney 1  compounds  (hereinafter  referred  to  as  dibox  com¬ 
pounds)  reported  in  the  literature.  An  adequate  review  ol  earlier 
work  in  this  area  has  been  compiled  by  Frank. 

Prior  to  Frank's  work,  no  general  pattern  lor  the  synthesis 
of  ha l ogena ted  dibox  compounds  had  boon  developed.  Coll  man,  Bar- 
rick  et  al.2were  the  I  irst  to  apply  thermal  eye  I oal ky !  :*  t ion  re¬ 
actions  To  this  end.  They  reacted  butadiene  with  excess  to  tra¬ 
il  uoroo  thy  lone  in  a  bomb  under  autogenous  pressure  to  obtain  a 
yield  of  2, 2,2*  ,  2*  ,:i,  J, :**  ,  J’-oetaf  luorobieyclobuLy  1  .  In 
addition,  they  treated  vinyl acetyl one  with  tel rai luoi'oelhy lone  to 
give  the  products  indicated  below. 


1 


Shortly  thereafter.  Miller'*  aeeoinp  I  i  shed  a  coupling  ol  two 
per  1  I  uorobicyc  I  obu  I  cue  units  in  liquid  fluorine  at  -7*s  to  yiold^ 
per lluorobicyclobuty I .  The  product  was  an  inert  liquid  at  . 


p 


F. 
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Pruclt  et  nl.  prepared  a  mixture  ol  the  dimer  and  trimer 
ol  perl' tuoroeycTobulcne  by  the  treatment  oi  the  monomer  v.ith 
pyridine  at  o° . 


Sharis  and  Roberts 4  again  applied  thermal  alkylation  reactions 
in  treating  isopropcnyl  acetylene  with  chlorotr iiluoroothy lone  to 
give  the  two  expected  1:1  adducts  and  less  than  5%  ol  a  dibox  deri¬ 
vative.  Similarly,  Kyananova'1  et  al  .  reported  10-15%  yields  ol 
&1  adducts  Jrom  the  thermal  addTtion  oi  1 , 5-bu  tadieije  to  perlluoro- 
butadiene. 


Frank  of  this  laboratory  extended  the  knowledge  ol  thermal 
cycloalkylalion  reactions  of  haloethy lenes  in  preparing  cyclo- 
butanes  (several  reviews  have  recently  boon  published2 *  * )  to  the 
synthesis  of  dibox  derivatives.  In  reacting  1 , 5-butadiene  with 
tr i 1 luorochloroothy lone  in  an  autoclave  he  isolated  5-10%  of  a 
1 : 2  adduct , 2 , 2 '-di chloro-2 ,2 *,5,5,5', 5 *-hoxal' luoro-bicyclobu ty 1 , 
in  addition  to  the  normal  1:1  adduct.  Increasing  the  molar  ratio 
ol  tri I luorochloroothy lone  did  not  improve  the  yield  of  diadduct 
significantly. 


The  following  synthetic  pathway  ultimately  proved  most  useful  in 
the  synthesis  of  dibox  compounds. 


F  FCI 


RKSUI/l’S  AND  DISCUSSION:  It  is  apparent  that  a  logical  pathway  to 
peVlialbb icyc lolmteney  1  compounds  would  involve  thermal  addition 
oJ  haloethy lencs  to  l , 1 , 4,  l~tetralluorc.hu tadiene  Jollowed  by  de¬ 
ity  di  oha  1  o^cnal.  i  on . 
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Tlu*  initial  stop  in  developing  such  a  synthesis  involves 
pi  eparalion  of  tin*  butadiene.  Two  syntheses  i.i  1 , 1 , 4 , 4-tetra~ 

J  luorobiitadiene  have  been  reported  to  give  rea  -/liable  yields 
IT’otn  available  starting  materials. 

a 

Anderson,  Putnai.i,  and  Sharkey  report  the  thermal  scission 
oi  4, 4-tetral  luorocyelobutene  at  550-750"  and  5-25  mm  to  give 

the  desired  butadiene  quantitatively.  In  the  same  paper  they 
report  preparation  ol  the  butadiene  by  copyrol izing  equimolar 
amounts  ol  acetylene  and  tetralluoroethy lene  at  <;tio°  and  l  atm. 
This  reaction  is  postulated  to  proceed  via  the  cyciobutene. 


Two  further  syntheses  of  the  diene  logically  develop  from 
the  work  ol  Haszol dine  and  Osborne.*  They  are  outlined  below: 
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aci'Veiici 


To  date  the  lol lowing  route  has  boon  success fully  used  to 
prepare  the  desired  diene: 
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yield  to  afford  per 1 luorocyclobu tone .  Reduction  of  this  cyclo- 
butene  with  sodirm  borohydride  in  diglyn.c  ,  however,  has  been 
accomplished  only  in  *»:!.'>  percent  yield.  Burton10  reports  this 
reaction  to  proceed  in  55  percent  yield.  No  reason  lor  this  dis¬ 
crepancy  is  apparent.  Pyrolysis  of  1 , 2-d ihydrotetraf luorocyclo¬ 
bu  tene  proceeds  quant  i  l  «  lively . 

Reaction  ol  the  diene  in  a  heated  autoclave  with  lour  mole- 
equivalents  of  chlorolrif Juoroethy lene  nave  l-(li,fi-diiluoro)-vinyl- 
2 , 2 , 2 , 4 , 4-pcn tafluoro-2-chlorocyelobu 1 ane  (I)  in  7o'«.  yield  a  loan 
with  the  expected  l , 2-d ichlorohexaf luorocyclobu tanc  and  a  small 
higher  boiling  fraction.  The  high  boiling  residue  was  separated 
by  GLC  in  hope  of  obtaining  some  diadduct.  The  major  lraclion 
(75V)  of  the  residue,  however,  was  identified  as  1 , 2- (B , B-di 1 luoro) - 
divi  ny  l-hexafluovocyclobutane  er*/  by  comparison  with  the 

properties  reported  lor  this  compound  by  Putnam,  Anderson  and 
Sharkey*  1  ,  reported  N.2.5,  ,  1.2458;  iound,  1.215i;  at  25°.  IR-reported 
and  lound  peaks  at:  :;•»«<>  (vin-H)  ,  2hf>(»  (allyl  II),  1755  (CF2~C1I), 

14»5,  12511,  1205,  1255,  1  1  *i  5 ,  1080,  022,  000,  all.  750. 

failure  ol  any  diadduct  to  result  from  this  reaction  is 
surprising  in  view  ol  Frank's  work  riled  earlier.  1  is  surely 
more  activated  to  cycloa lkyial ion  than  the  analogous  vinyl  com¬ 
pound  due  to  the  CF;.  moiety.  It  remains  possible,  though,  that 
the  temperature  of  the  reaction  was  not  sufficient  to  initiate 
the  second  add i t i on . 


The  next  step  in  the  synthesis  is  dehydrohalogena t ion  oi  I 
to  regenerate  the  diene  system  and  thus  activate  the  molecule 
to  cycloalkylation.  These  reactions  are  currently  in  progress. 

EXPERIMENTAL: 

Synthesis  of  1- (8 , B-dii luoro) -viny 1-2 , 3 , 3 , 4, 4-pentaf luoro- 
2-chlorocyclobutane  7T)  . 

A  500  ml.  stainless  steel  autoclave  was  charged  with  4G . 2  gm. 
of  1 , 1 , 4, 4-tetraf luorobutadiene ,  215  gm.  of  chlorotrif luoroethy lene , 
and  5  ml.  of  d-limonene.  The  mixture  was  allowed  to  slowly  warm 
to  room  temperature  and  then  to  00°  after  twelve  hours.  The  temp¬ 
erature  was  increased  to  135°  at  twenty-four  hours  and  160°  at 
thirty-six  hours.  This  was  maintained  for  twelve  hours.  The  auto¬ 
clave  was  vented  at  room  temperature  but  only  traces  of  gas  were 
evolved.  The  pale  yellow  liquid  product  was  fractionally  distilled 
to  give  53.7  gm.  of  a  clear  colorless  liquid,  b.p.  75-78°  at  623  mm. 
IR:  peaks  at  3120,  2390,  1750  plus  numerous  peaks  in  the  region 

750  to  1400  cm-3 . 

Anal.  Calcd.  for  Cr,  H2C1Fj :  C,  29.7;  H,  0.83;  Cl,  14.6;  F,  54.3 

Found  :  C,  27.51;  H,  1.12;  Cl,  13.53;  F,57. 


Plans  for  Future:  It  is  planned  to  work  lurther  with  the  un¬ 
saturated  ”dibox"  derivatives  in  the  hopes  of  synthesizing  di 
nitroso  compounds  from  the  diketo  dibasic  acids. 
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TITLE:  Further  Studies  on  the  Preparation  and  Reactions  of 

_  1 , 2-diiodo-U , , 4, 4-tetraf luoroeyclobutene  (I).  (See 

Semi-Annual  Report  No.  1  lor  previous  work) 


Part  A.  Synthesis  of  I. 

OBJECT:  To  develop  the  best  conditions  lor  reacting  potassium 
i'od  ide  and  diglyme  with  1 , 2-dichloro-J ,  3 ,  4, 4-tetraf  luorocyclo- 
butene  (II)  to  yield  I  and  to  effect  the  complete  removal  of 
solvent  I. 

RESULTS  AND  DISCUSSION:  II  Was  reacted  with  excess  potass iiun 
iodide  in  diglyme  by  heating  a  mixture  ol  the  three  under  reflux 
lor  nine  days.  Runs  were  made  with  pot  temperatures  maintained 
at  115° C,  135° C,  and  150° C.  The  latter  was  the  temperature  of 
slowly  refluxing  diglyme.  The  progress  of  each  reaction  was 
followed  by  VPC  analysis.  Considerable  tar  and  carbon  was  formed 
in  each  reaction  but  the  amounts  were  greatest  at  higher  temper¬ 
atures.  The  halogen  exchange  reaction  proceded  towards  an  ap¬ 
parent  equilibrium  in  all  cases  but  with  a  slightly  higher  per¬ 
centage  ol  I  alter  nine  days  at  llf>°C.  This  is  probably  not 
meaningful.  Large  differences  were  observed  in  the  rate  of  at¬ 
tainment  ol  equilibrium.  At  115°C  there  was  an  appreciable  dif- 
lerence  between  the  relative  ratios  ol  II,  I,  and  the  intermediate 
l-chIoro-2-iodo-J , 3 , 4, 4-tetraf iuorocyclobutene  (III)  between  the 
iourth  and  ninth  day.  At  155° C  the  reaction  reached  equilibrium 
by  the  fourth  day  with  the  percent  I  being  twice  that  of  the  per¬ 
cent  I  obtained  at  115°C  after  lour  days.  The  run  at  135°C  showed 
intermediate  behavior.  It  was  thus  concluded  that  a  higher  reflux 
temperature  is  best  since  it  greatly  speeds  the  halide  exchange 
reaction  without  significantly  reducing  the  yield  of  I. 

Complete  removal  of  diglyme  from  the  product,  1,  has  been 
a  source  ol  considerable  dilliculty.  Although  the  ether  solvent 
is  soluble  in  water,  repeated  extractions  are  unable  to  remove 
the  last  five  percent.  For  this  reason  the  product  mixture  from 
the  reaction  was  added  to  twice  its  volume  of  water  and  the  re¬ 
sultant  mixture  steam  distilled..  The  organic  layer  was  found  to 
still  contain  around  ten  percent  ether.  This  product,  however, 
when  steam  distilled  again  with  a  twenty-fold  volume  of  water  af¬ 
forded  a  nearly  ether-free  organic:  layer.  A  slight  modification 
ol  this  procedure  in  whicn  the  organic  layer  was  washed  by  de¬ 
cantation  several  times  with  water  be lore  the  first  steam  distil¬ 
lation  ultimately  led  to  material  which  contained  no  ether. 

Distillation  ol  the  organic  residue  gave  rise  to  compounds 
I,  II,  and  III.  I  Still  contained  a  conteminant  of  unknown  origin 


o 

in  small  amounts.  On  cooling  to  -20  C  a  fractional  crystalli¬ 
zation  was  effected.  Upon  repeating  this  twice  a  VPC  pure 
sample  of  I  could  be  obtained.  The  impure  Jr action  from  the 
fractional  crystallization  contained  nearly  thirty  percent  of 
the  total  1  and  was  thus  reserved  ior  further  investigation. 

Part  B:  UV  Catalized  Reactions  ol  1 

OBJECT:  To  study  the  photochemical  reactions  ot  I  with  part¬ 

icular  interest  addressed  to  obtaining  coupling  products. 

HISTORICAL:  It  is  well  known  that  the  normal  carbon-iodine  bond 

is  cleaved  by  UV  irradiation  to  yield  the  respective  carbon  and 
iodine  radical^.  In  normal  alkyl  iodides  wavelengths  on  the 
order  of  J1J0A  or  shorter  are  required  to  effect  this  clevage. 

The  products  of  such  reactions  can  be  predicted  by  examination 
of  the  probable  fates  of  the  radicals  lormod. 

Haszeldine1  lias  studied  the  UV  absorption  spectra  ol  a 
number  of  halogen-containing  alphatic  iodo  compounds  and  has 
correlated  the  broad  absorption  maximum  in  the  2500-J500A° 
region  to  structure.  In  particular,  the  presence  of  halogens 
in  the  B-position  and  the  tertiary  nature  of  the  carbon  to  which 
iodine  is  attached  will  be  expected  to  cause  a  distinct  batho- 
c bromic  shift  and  an  increase  in  the  extinction  coefficient  oi 
the  absorption.  Conversely,  the  vinyl  nature  ol  the  carbon- 
iodine  bond  will  result  in  a  dramatic  shilt  to  shorter  wavelength. 
This  is  illustrated  in  studies  by  Park,  Seffl,  and  Lacher‘  on 
CF:,  -  CFI  vapor.  They  observed  AJnax  to  occur  at  2a30A'’  .  This 
is  nearly  identical  to  ethyl  iodide  vapor  having  Amax  at  2  fits  o  A4' 
with  an  extinction  coefficient  of  JlO. 

RESULTS  AND  DISCUSSION:  Interest  in  photochemical  reactions  ol 
I  originated  when  i t  was  observed  that  a  Ircshly  distilled  sample 
discolored  markedly  on  standing  m  a  clear  bottle  exposed  to 
sunlight.  Samples  turn  pink  within  a  lew  minutes  and  then  rapidly 
progress  to  deep  maroon  or  brown.  A  sample  in  a  corked  pyrex 
1 lask,  howevci ,  showed  no  new  peaks  by  GLC  analysis  after  several 
days  despite  this  discoloration.  Alter  one  month,  numerous  clear 
colorless  rhombic  crystals  separated  Iron  tin*  liquid.  There  was 
insufficient  sample  J or  characterization  beyond  a  melting  point, 
and  inlra-red  spectrum  on  the  crude  solid. 

An  ultraviolet  spectrum  ol  I  was  obtained  in  an  el  fort  to 
seek  optimum  conditions  J or  photochemical  reaction.  The  com¬ 
pound  exhibits  a  broad  absorption  band  with  A  at  24ooA°  and 
£.  =  2030.  The  upper  limit  ol  the  band  occurs  hi  2'J7oA°  where 

zero  absorbencc  is  iound. 
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The  observed  spectra  is  in  good  general  agreement  with  that 
predicted  ior  I.  The  somewhat  largo  extinction  coefficient  ex¬ 
plains  the  observed  high  light  sensitivity.  The  sensitivity  in 
Pyrcx  glassware,  however,  is  not  explained  since  Pyrex  al l'ords 
near  zero  transmittance  below  ;h>5oA°  .  It  is  hoped  that  this 
matter  will  s'oon  be  resolved. 

Irradiation  ol  J  ov,  r  mercury  with  a  high  intensity  ultra¬ 
violet  source  gave  interesting  and  unexpected  results.  Several 
products  were  evident  by  GLC  analysis  but  only  one,  a  solid, 
was  isolated.  This  solid  was  puriiied  and  identilied  as  2,2'- 
di  iodo-3  ,y,4,4,3f  ,  2  ’  ,4*  ,4*  -octal  \  uorobicyc  lobu  tone  ( I V)  . 


Compound  IV  will  be  used  to  obtain  the  corresponding  dinitroso- 
derivative . 


F. 


IV,  however,  does  not  agree  either  as  to  chemical  or  physical 
properties  with  the*  solid  obtained  earlier  by  irradiation  in  a 
pyrcx  vessel.  This  reaction  over  mercury  now  being  repeated  in 
an  ellorl  to  isolate  more*  IV  and  to  characterize  the*  other  pro¬ 
ducts.  The  rate  ol  the  reaction  with  the  dilierent  ultraviolet 
sources  will  also  be  studied  in  a  crude  ellorl  to  correlate  re¬ 
activity  to  wavelength. 

EXPERIMENTAL: 

Sunlight  Irradiation  ol  I. 

In  a  25  m’ .  Pyrex  erliiuneyer  llask  iittc*d  with  a  cork  was 
placed  u.2  ml.  ol  I  having  t'5  diglyme  as  an  impurity.  The 
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saraple  became  pink  within  a  lew  miauU  s.  Alter  33  days  the 
sample  was  deep  pink  and  a  lew  small  crystals  were  evident  in 
the  liquid.  The  cork  was  badly  stained  with  iodine.  After  85 
days  the  sample  was  largely  converted  to  several  clear  colorless 
brittle  rhombic  crystals,  ra.p.  78-87n .  A  poor  IR  in  mineral 
oil  on  the  crude  crystals  gave  bands  at  3500,  17oo,  1150,  and 
770  cm"’1 .  There  was  insufficient  sample  for  analysis  or  further 
characterization. 

Preparation  of  2, 2*-diiodo-3 ,  3,  3 ' ,  a '  ,  4,  4,  4* ,  4'-octaf  luoro- 
bi cyclobutene  jTPJ .  In  a  quartz  U  tube  fitted  with  a  condenser 
was  placed  2.  (J  ml.  of  Hg  and  3.0  mi.  of  I  containing  3%  diglyme 
impurity.  The  reaction  vessel  was  suspended  inside  a  Rayonet 
Photochemical  Chamber  Reactor  equipped  with  four  RPR-35ooA° "black 
light"  lamps  and  live  RPR-2537A<r  clear  lamps,  at  an  average  dis¬ 
tance  of  two  and  one-hall  inches,  ttithin  the  first  few  hours  the 
liquid  turned  deep  brown  and  I2  crystals  formed  above  the  liquid. 
During  succeeding  days  the  liquid  level  dropped  slightly  and 
bright  mercuric  iodide  crystals  developed.  Alter  24  days  numerous 
tan  crystals  were  filtered  Irom  the  mixture.  They  were  recrystal¬ 
lized  from  CC14 ,  and  ethanol-water.  Finally  thjy  were  sublimed 
at  135-145°  in  a  vacuum  to  yield  61  mg.  of  white  grainy  crystals, 
ra.p.  143-145°.  The  crystals  turn  pale  yellow  on  standing.  An 
IR  (mineral  oil)  was  obtained  showing  peaks  at  153o,  13(H),  1240, 

1120,  120,  and  7(»o  cm-1. 

Anal.  Calcd.  for  C4F8I2:  C,  10.1;  F,  30.3;  I,  5u.5;  11,  0.0. 

Found:  C,  IS. a 5;  F,  30.01;  I,  50.02;  H,  0.0. 

Part  C:  Ni troso  Derivatives  of  I 

OBJECT:  To  prepare  1 , 2-dini troso-3 , 3 , 4, 4-tetraf luorocye lobutene  (V) . 

HISTORICAL:  Perl luoroa Iky  Ini troso  compounds  have  been  synthesized 

in  several  laboratories  in  recent  years.  They  have  been  shown  to 
form  dimers  and  polymers  with  perhalo  olel ins3 *  i ’ 5 .  The  polymers 
thus  formed  can  be  oils,  waxes,  or  e las timers  depending  on  the 
reactants  used  and  the  conditions  ol  polymerization.  The  syn¬ 
thesis  of  V  would  make  available  an  important  and  versatile  new 
starting  material  ior  the  development  ol  such  polymers. 

Previous  syntheses  ol  per 1 luoroalky Ini troso  compounds  can  be 
roughly  divided  into  two  categories.  The  first  category  makes 
use  of  per 1 luorocarboxy 1 ic  acid  derivatives.  llaszeldine6  was  the 
lirst  to  react  the  silver  salt  ol  tril luoroacetic  acid  with  nit- 
rosyl  chloride  to  obtain  tr i 1 luoroni trosome thane  in  low  yield. 

Rosser7  extended  this  reaction  to  get  good  yields  ol  perlluoro- 
ni trosoalkanes  and  isolated  the  intermediate  per f luoroacyl  nitrites. 
His  work  also  shed  some  light  on  the  nature  of  the  Hunsdiecker  re¬ 
action  occurring  during  decarboxylation  ol  the  intermediate. 


This  decarboxylation  uii  occur  with  explosive  violence  il  Rj 
contains  less  than  three  carbon  atoms. 

//°  N0C1  „° 

RjC  -  OAg  - >  It |  C  -  0N0 - - - »  R^  NO  4  CO. 

The  second  general  method  oi  preparation  ol  these  nitroso 
derivatives  employs  the  correspond ini;  per t luoroalky liodo  com¬ 
pounds.  Iodine  in  these  compounds  is  replaced  by  NO  in  a  photo- 
chcmically  induced  tree  radical  reaction  in  the  presence  ol  mer¬ 
cury  to  remove  nitrogen  dioxide  and  iodine3*4.  This  method  has 
been  proven  nseJul  with  compounds  containing  vinylic  iodine3  and 
thus  seems  most,  adaptable  to  the  proposed  synthesis. 


R  I 
1 


NO 

hv,  Hg 


Rj  NO 


Detailed  experimental 
been  worked  out. 


plans  lor  the  synthesis  have  not  yet 
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PREPARATION  01  THE  C  Y CLOPEN TKNKS 


Two  genera l  synthetic  methods  wore  employed  in  the  preparation 
ol  the  halogenatod  cycloolel ins . 

The  lirst  involved  a  catalytic  replacement  ol  vinylic  chlorine 
by  bromine  in  the  preparation  ol  l-bromo-2-chlorohexal luoroeyclo- 
pentene-1  (I)  and  1 , 2-dibromohexal luorocyclooen tene-1  (II)  lrom 
the  readily  available  1 , 2~dichlorohexal luoroeyelopentene-1  (III). 
This  highly  unusual  reaction  lias  little  precedent  in  literature. 


Cl  Cl 


HBr,  22f>"^ 
CaS04iC  ' 


+ 


Ur  Ur 


III 


1  I 


Shar*ah  reported  the  addition  ol  hydrogen  bromide  to  chloro- 
trilluoroethylenc  ( ' ' Freon- 1 l 1 U ' ' )  yielded  l-chloro-2-bromo- 
1 , 2 , 2- tr ii 1 uorot thane .  Subsequent  work  in  this  laboratory  has 
shown  that  the  lormation  ol  several  more  highly  brominated  pro¬ 
ducts  ic  greatly  enhanced  by  an  increase  in  reaction  temperature. 
The  isolation  ol  the  more  highly  brominated  products  was  ration¬ 
alized  by  Park  and  McClure  in  I erms  ol  the  lormation  ol  vinylic 
ireo  radicals  derived  lrom  the  initially  iormed  addition  product. 


The  only  report  ol  the  addition  ol  hydrogen  bromide  to  a 
halocycloolei in  was  that  ol  Sharrah1  who  louml  ibat  hydrogen 
bromide  added  to  per  1 luorocyc Jobulene  yielded  l-bromo-2-hydro- 
hexa 1 1 uoroeyelobu t  anc . 


When  this  reaction  was  extended  to  1 . 2-d iehlorotetral luoro- 
butene  (IV) 


only  unreae led  starting  material  and  compounds  identified  as  1 - 
bromo-2-chlorolctrai luoroeye lobu 1  one- l  and  l , 2-dibromotctral 1 uoro¬ 
eyelobu  tene- 1  were  isolated  under  the  reaction  conditions  employed. 


Similar  vinylic  substitution  was  observed  with  the  analogous  1,2- 
diciilorohexalluorocyclopcnlene-l  (III).  However,  the  yield  was 
much  higher,  due  presumably  to  the  inherent  greater  stability  ol 
the  cyclopentcny i  ring  to  the  roar  lion  conditions. 

Two  mechanistic  interpretations  art?  apparent  lor  this  reaction 


K;. 


Br 

Cl 


Path  A  would  involve  the  Ionisation  ol  a  vinylic  lrec  radical  lol 
lowed  by  abstraction  of  bromine  from  HBr.  A  second,  and  more 
energetically  leasible  pathway,  would  require  addition  ol  hy¬ 
drogen  bromide  to  the  olel in  lol lowed  by  loss  ol  halogen  halide 
to  give  either  starting  material  (loss  ol  HBr),  or  product  (loss 
ol'  HC1) .  Since  an  excess  ol  hydrogen  bromide  was  employed,  the 
law  of  mass  action  would  lavor  the  formation  ot  the  product. 

Under  identical  conditions,  molecular  bromine  and  (III)  did 
not  read. 

Uaranauekas  and  Carr'1  have  recently  reported  the  isolation 
ol  1 , 2-dichlorohcxal  luorocydopenU  ne  from  the  reaction  ol'  1- 
ehl oroheptal luorocyc 1  open tene- 1  and  hydrogen  chloride,  a  re¬ 
action  which  may  be  similar  in  nature. 

Halide  Ion  Attack 


The  concept  ol  reversible  earbanion  lormntion  in  halocyclo- 
bulenes  by  halide  ion  altaek  was  developed  by  Moore'1  in  this 
laboratory.  No  attempt  wilL  be  made  to  cover  the  line  points 
inherent  to  this  hypothesis  other  than  lo  explain  the  source  ol 
some  of  the  synthetic*  difficulties  encountered. 
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In  contrast  to  the  cyclobutenes,  acetone  was  iound  to  be  un¬ 
suitable  as  a  solvent  lor  halide  attack  on  ha locyciopenicnes  and 
haloeyclohexenes,.  Kither  no  reaction  occurred,  or  yields  ol  pro¬ 
ducts  were  low.  However,  the  use  ol  diglyme  as  a  solvent  was 
iound  to  accelerate  the  conversion  to  the  desired  products.  It 
is  uncertain,  at  present,  whether  the  use  ol  diglyme  as  a  solvent 
favorably  alters  the  equilibrium  between  reactants  and  products, 
or  merely  serves  to  kinetically  accelerate  the  reaction  because 
ol  the  higher  reaction  temperature  obtainable  with  this  solvent. 
Preliminary  findings  indicate  both  factors  may  be  involve^  in  the 
effectiveness  of  diglyme  as  a  solvent  in  these  reactions. 

The  chiel  diliiculty  inherent  to  the  use  of  this  solvent  is 
in  the  separation  of  the  halocyclobulene  from  the  diglyme.  In 
several  instances,  the  boiling  point  of  solvent  and  product  are 
almost  identical  and  combined  distillation  and  aqueous  extractions 
were  necessary  to  isolate  a  relatively  pure  product. 

Although  not  actively  investigated,  the  use  ol  similar  sol¬ 
vents  with  somewhat  different  boiling  points,  in  such  cases,  would 
probably  lie  advantageous. 

4 

Moore  reported  the  isolation  ol  l-chloro-2-iodotetraf luoro- 
cyclobu tone-1  and  1 , 2-di iodotetraf luorocyclobutene-1  from  the  re¬ 
action  of  potassium  iodide  and  1 , 2-dichlorotctral luorocyclobutene- 1 . 
Unfortunately,  the  cyclopentenes  are  not  as  receptive  toward  attack 
by  the  iodide  ion.  This  was  circumvented  by  employing  a  starting 
material  with  a  vinylic  halogen  more  similar  in  "leaving  group 
ability"  to  the  iodide  ion.  That  is,  if  k_  >>  k*  for  X~C1 ,  little 
conversion  to  the  monoiodo-com pound  would  b&  expected  and  even 
less  to  the  d L iodo-compound .  If  the  magnitude  ol  k_t  and  k2  are 
more  nearly  equal  when  X  Br,  then  increased  conversion  to  the 
iodo-compounds  should  be  allected.  Use  of  1 , 2-dibromohexaf luoro- 
cyclopentene-1  (II) 


allorded  the  bromo-,  iodo-  and  di iodo-products  in  appreciable 
yields.  When  large-scale  preparative  runs  were  initiated,  minor 

a 

These  findings  have  recently  been  verified  by  Dr.  G.G.l. 
Moore4,  who  working  independently,  has  arrived  at  very 
similar  results. 


>* 
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amounts  of  unideni i 1 icd  higher  boiling  compounds  were  also  de¬ 
tected.  The  identity  and  source  ol  these  compounds  is  not  known 
at  present. 

Although  the  bromochioro-  and  d lbromohexal luorooyclopcn tencs 
could  also  be  synthesized  through  this  nu  thod  using  lithium  bromide 
in  diglyme,  the  hydrogen  bromide  addition-elimination  reaction  was 
prelerrod  because  ol  its  high  yield,  freedom  from  side  reactions, 
and  ease  or  workup. 

EXPERIMENTAL 


Analyses  were  performed  by  Galbraith  Laboratories,  Inc., 
Knoxville,  Tennessee.  Infrared  spec; Ira  were  taken  using  a  Perkin- 
Elmer  infracord.  NMR  spectra  were  obtained  using  a  Varian  A-(*0 
analytical  spectrometer  and  pure'  liquid  samples  with  t.e  trame  thy  1- 
silano  as  an  internal  reference  except  where  otherwise  indicated. 


Preparation  of  l-bromo-2~chlorohexal luorocyclopenlenc-l  (I) 
and  1  ,  2-d ibromohexa t  luorocyclopen tone- 1  (IV).  The  reaction  was 
carried'  out  by  passing  a  mixture  of  Hie  olefin  and  hydrogen  bromide 
through  a  lnu-cm  x  2.5-cm  pyrex  glass  lube  packed  with  a  27/77  BaSOj 
activated  carbon  catalyst  heated  to  ca.  2 2. 7" c.  'the  catalyst  was 
prepared  in  the  manner  described  by  Sharrah.!  In  a  typical  run, 

200  gm  (2.U4  mole)  ol  l , 2-dich lorohexal luorocyclopen lone- 1  (X)  was 
swept  through  U.e  tube*  with  about  2.7  molar  excress  o',  hydrogen 
bromide.  The  crude  reaction  products  wc’*e  washed  wi  Lli  an  aqueous 
sodium  bicarbonate  solution  and  twice  wi  Hi  :>o-inl  portions  of  ice 
water.  The  aqueous  layers  were  extracted  with  two  2 a -ml  portions 
oi  diethyl  ether  and  the  combined  organic  layer  and  ether  extracts 
dried  over  anhydrous  magnesium  sullatc*.  Fractional  distillation 
yielded  27.7  gm  ol  unrcactcd  X;  12S  gm  ( 222'  of  theory)  of  1-bromo- 
2-phlorohexafluorocyclopcnteno-]  (I);  b.p.,  toj"c/02 U  mm;  d^B  l.,.»2 
njj*’-  1.2«yo. 


Anal.  Calculated  lor 
F,  2:i .  IT2 .  Found:  C.  2o.t»u; 
and  lU(5  gm  {  Lf»'<  ol  theory)  ol 
b.p.,  1 1  !t" /ti2‘J  mm;  d  ’  8  2.17; 


CIBrF,;  :  C,  20. *2;  Cl  ,  12.20;  Br ,  27.7  1 

Cl,  1 2 . 2<>  ;  ill*  .  27.11;  F,  2*.  21. 

1 , 2-d i bromohexa I  1 uorocyc 1 open lene- 1 ( V ) 

p,,1’  L.  ill  I. 


Anal .  Calculated 
Fou  nd“  C ..  1 7 . :» 2 ;  Br  , 


lor  Br  .  K, 
17  .  t;2  ;  F.  2 


C.  17.:>m;  Br,  17. s7;  F,  24.1  !. 
02  . 


Tiio  infrared  spectra  o f  I  and  II  contained  sharp  absorption 
in  t  he*  oicfiiiic  stretching  region  at  Into  cm  and  1002  cm  , 
n-spoc  t.  i  vc  ly  . 


Preparation  ot  l-chloro-2-iodchexaf iuorocyclopentcne-l  (V) . 

1  .  A”mixt  u'r  o'  of . 7o'  gin  (0.271  mole)  oT  l .  2-dichiorohexaf  luorocyc  to- 

pentenc-1  (III),  112  gm  (0.677  mole)ol  potassium  iodide,  and  125  in] 
ol  diglyme  was  relluxod  for  14  days  to  give  a  highly  discolored 
solution  containing  diglyme,  unreacted  III,  l-chloro-2-iodohexa- 
1 luoroeyclopentene-1  (V)  and  traces  of  several  unidentified  materials. 
Fractional  distillation  yielded  54.6  gm  of  1 , 2-diehlorohexai luoro- 
cyclopentene-1  (III)  and  6.8  gm  ol  crude  l-chloro-2-iodohexal luoro- 
cyclopentene-1  (V)  (7.4'*  of  theory).  Removal  of  the  5%  diglyinc 

impurity  on  F.  S.  1265  (125)  gave  pure  V,  a  colorless  liquid,  h.p. 

128®  C/  628  rara;  d*8  2. Id  ;  n^8  1.4268. 

Anal.  Calculated  for  C;,C1FBI:  C.  17.85;  Cl,  10.55;  F,  82.88; 

I,  a 77727  Found;  C,  18.50;  Cl,  . 8. 85;  F.  22.74;  I,  26.27. 

The  inlrared  spectrum  contained  a  sharp  absorption  at  loon  cm* 
corresponding  to  the  (  C  -  C.  )  stretching  frequency. 

2.  A  mixture  ol  25  gm  (0.102  mole)  ol  l-bromo-2-ehloro-hexa- 
1 lu  irocyclopentene-l  (I),  5o  gm  (o.2ul  mole)  ol  potassium  iodide, 
and  75  ml  of  diglyme  were  relluxed  ior  14  days.  Distillation 
yielded  14.1  gm  ol  unreacted  I  and  7.2  gm  (22"  of  theory)  of  slightly 
impure  VI. 


Preparation  ol  l-bromo-2-iodohexaf luorocyclopentene- l  (VI)  and 
1, 2-diiodohexafiuorocyclopentene-l  (Vl I fT  A  mixture  of  0 . gm  of 
1 ," 2 -d i br omohe xa f lu or oc y c 1 ope n t e ne - 1  (TIT,  18.2  gm  of  anhydrous 
potassium  iodide,  and  50  ml  ol  diglyme  were  relluxed  lor  2  days. 
Addition  of  water  forced  out  11.2  gm  of  organic  product.  Extraction 
of  the  aqueous  layer  with  methylene  chloride  and  distillation  of 
the  combined  organic  layers  gave  2.1  gm  unreacted  II,  4.6  gm  ol 
l-bromo-2-iodohexal luorocyeloper. tcne-1  (VI)  and  2.8  gm  of  crude  1,2- 
di iodohexaf  luoroc.yclopenl ene-I  (VIII). 


l-Bromo-2-i',dohexaf]uoroeycJoponlene-l  (VI) , 
rift8  -  1.4488. 

Anal.  Calculated  ior  C«,BrFi:I:  C,  15.77;  Br , 
I,  2  2  ".32 .  Found;  C,  15.86;  Br ,  21.06;  F,  25.85;  I 


b.p.  1  42°  C '"o 2 8  mm 

20.58;  F,  25.52; 
,  24.0, 
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The  inlrared  spectrum  ol  VI  contained  a  sharp  absorption  at 
1550  cm  1  corresponding  to  the*  (  C  C .)  stretching  frequency. 

I , 2-Diiodohexaf luorocyclopentene- l  (VIII),  b.p.  172°C/r>::i  mm; 
d  \  °  2 . 50  ;  -  1 . 48  4.'  . 

Anal.  Calculated  lor  C&F,,I«:  C,  14.02;  F,  26.64;  I.  55.82, 
Found**  C,  15.28;  F .  25.16;  I  ,  58 . 58 . 


Thy  inlrared  spectrum  ot  VIII  contained  a  sharp  absorption  at 
1 56  0  cm  corresponding  to  tire  (  C  (’  )  stretching  frequency . 


Reaction  of  1 , 2-dichlorohexai  luorocy  cl  open  tone- l  (IH)  with 
Ethanol'ic  Potassium  Hydroxide .  In  a  2!)-ml,  4-neek,  round-bottom 
‘flask,  fitted  with  condenser,  pressure  equalizing  addition  lunnel, 
and  magnetic  stir-bar,  was  placed  lo.o  gin  (o.o:$00  mole)  of  1,2- 
dichlorohexal luorocyclopentene-1  (X)  in  in  ml  of  absolute  ethanol. 
Alter  cooling  ol  ol:C.  2.24  gin  (0.u4o  mole)  of  potassium  hydroxide 
in  10  ml  ol  absolute  ethanol  were  added  drop wise  with  rapid  stirring. 
Alter  addition  of  the  KOH/EtOI!  solution,  the  reaction  mixture  was 
stirred  for  an  additional  2  hours  at  room  temperature,  and  then 
poured  into  a  separatory  tunnel  half-lilled  with  ice  water.  The 
reaction  llask  and  filter  were  washed  with  methylene  chloride  which 
was  added  to  the  funnel.  The  organic  layer  was  drawn  otf  lirst  and 
washed  with  water,  followed  by  a  wash  with  saturated  sodium  chloride 
solution.  The  washings  and  aqueous  layer  were  then  extracted  with 
methylene  chloride.  The  organic  layer  and  methylene  chloride  cx 
tracts  were  combined  and  dried  over  anhydrous  magnesium  sulfate. 
Fractional  distillation  yielded  1  gm  of  1 -ch loro- 2-ethoxy hexa- 
f luorocyclopentene-1  (IX).  Found:  b.p.  l.»7‘’(V(;2S  mm:  n,\8  1.475  1. 

Reported:  b.p.  144-144l,C/  75n  mm;  n^"  ~  1.4774.  M 


Reaction  of  1 , 2-dibromokexal luorocyclopentene-1  (II)  with 
Ethanol ic  Potassium  Hydroxide^  In  a  2 5-iiiT,  ;T- neck,  round -bot tom 
f las  1< ,  fitted  with  condenser,  addition  funnel,  and  magnetic  stir- 
bar,  was  placed  5.0  gm  (  0.0144  mole)  ol  1 , 2-dibromohexaf luoro¬ 
cyclopentene-1  (XI)  in  5  ml  ol  absolute  ethanol.  After  cooling  to 
<‘°C,  0.44  gm  (0.014  mole)  ot  potassium  hydroxide  in  .‘1.0  ml  ol  ab¬ 
solute  ethanol  were  added  dropwise  with  constant  stirring.  The 
reaction  mixture  was  stirred  lor  an  additional  2  hours  at  room  tem¬ 
perature.  Distillation  yielded  4.4  gm  of  crude  brorao-ether .  Pure 


(10’  FS  1205  at  1  to" C) ;  b.p.  15o  C/020 


mm ; 


Anal.  Calculated  J'or  C7 11.,  F,;  BrO:  C.  2 
F,  4> .  12 .  Found:  C,  24.24;  II,  i.^2;  Br , 


( X )  was 

isolated  via  G.l 

;  d  -,8 

1.72;  tlfr*  1.4! 

•*■11;  H, 

1.00;  Br,  20.7: 

20.40;  F 

,  47.70. 

The  infrared  spectrum  ol  X  contained  a  sharp  absorption  at 
1055  cm  1  corresponding  to  the  (  C  0  )  stretching  frequency. 


The  proton  NMI’  oi  X  exhibited  a  quartet  at  4.  t2  with 
.1  7.o  c.p.s.  and  a  triplet  at  ■**.  .tin  with  .1  7.o  g.p.s.  (in¬ 

tegrated  areas  2:4)  corresponding  to  !  lie  methylene  and  methyl 
protons  ol  a  vinyl ie  ethoxy  group. 


Reaction  ol  1 , 2-di iodohexal luorocyclopcnt one- 1  (VIII)  with 
K t h anoTTc  Potassium  Hydroxide.  in  a  2 5 -ml  ,  TT4  neck ,  rountTHioT tom 
flask,  fitted  with  dropping  Tunnel,  t  cmJenscr  and  magnetic  stir- 
bar,  was  placed  1.5  gm  (o.oo.'Jl  mole)  ol  1  ,  2-d i  iodohexal  1  uorocyc lo- 
pentrnc-1  (VIII)  in  2  ml  ol  ethanol.  Alt «*r  cooling  to  0"C,  0.20  gm 
(o.on.io  moles)  ot  potassium  hydroxide  in  2  ml  ol  absolute  ethanol 
was  added  dropwise  with  constant  stirring.  Alter  addition  of  the 
KOir'KiOl!  solution,  the*  reaction  mixture  was  stirred  for  an  additional 


2  hours  at  room  temperature.  Workup  in  the  previously  described 
manner  lor  an  alkoxide  reaction  (see  compound  IX)  yielded  1.1 
of  crude  l-iodo-2-elhoxyhexai luorocyclopentenc-1  (XI).  Pure  XI 
was  isolated  via  preparative  scale  G.L.C.  (in'  x  1/4”  Ucon  ft !»nx 
at  150° C);  b.p.  172 .  ft" C/(52H  nun;  d|*  1.78;  n^8  -  1.4271. 

Anal.  Calculated  lor  C7Hr,F,;I0:  C,  24.20;  II,  1.4(5;  F,  22.5) ft 
I,  .’iGTffBT  Found:  C,  2ft.  52;  H,  2.2(5;  F,  28.58;  I,  2(5.7. 

The  infrared  spectrum  of  V  contained  a  (  C  C  )  absorption 
at  1(525  cm”  . 

The  proton  NMR  spectrum  of  XI  contained  a  quartet  at  5.42‘T 
with  J  «  7.1  c.p.s.  and  a  triplet  at  8.52T  with  J  -  7.1  c.p.s. 
corresponding  to  the  methylene  and  methyl  protons  of  a  vinylic 
ethoxy  group. 
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